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Abstract
Large emission enhancement factors resulting from orders of magnitude increases in
ultra-violet (UV) luminescence in ZnO have been reported, due to the presence of a sur-
face coating of either Au or Al nanoparticles. Two significantly different models have
been proposed to explain the observed increase in the UV light output. One involving
the decay of metal nanoparticles localised surface plasmons (LSP) into hot carriers and
their radiative recombination following injection into the ZnO conduction and valence
bands. The other describes the creation of an additional fast relaxation pathway via a
dipole-dipole coupling mechanism between excitons in ZnO and the metal nanoparticle
LSPs, resulting in an improved ZnO UV spontaneous emission rate. This work specif-
ically addresses this significant discrepancy in the existing literature, that reports metal
nanoparticle-induced light emission in ZnO.
The UV emission enhancement mechanism between a-plane ZnO single crystals and
ZnO nanorods coated with Al and Au nanoparticles were systemically investigated in
this thesis, using cathodoluminescence (CL) and photoluminescence (PL) spectroscopy
in conjunction with ellipsometry, optical absorption and synchrotron valence band spec-
troscopy measurements. Significantly novel concurrent CL-PL techniques were also em-
ployed in this study. The presence of both metal surface films was found to enhance
the ZnO UV emission. Moreover, changes to the surface band bending induced by the
metal coating was confirmed and their effect on visible deep level (DL) defect related
ZnO emission and surface electronic properties was considered.
For 5 nm-Au nanoparticle-coated ZnO nanorods, an up to 3.8-fold enhanced UV emission
with no change in the intensity of the visible defect luminescence due to deep level re-
combination: quenching of the DL is hallmark characteristic of the hot carrier model. The
underlying UV enhancement effect was found to be excitation depth-dependent with the
largest enhancement being observed with light generation at the surface, closest to the
ZnO-Au interface. Concurrent CL-PL showed that UV emission of the Au nanoparticle-
coated ZnO samples under simultaneous electron beam and laser irradiation is identical
to the electron beam excitation alone, confirming that while LSPs are created in the Au
nanoparticles, hot electrons are not injected into the conduction band of the ZnO. Fur-
thermore, time-resolved PL measurements at 10K revealed that the presence of the Au
nanoparticle surface coating on ZnO nanorods produced a 40ps reduced lifetime com-
pared with the uncoated side of the sample. The corresponding Purcell enhancement
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factor of only 1.4 is much lower than the observed UV enhancement of up to 3.8, indicat-
ing that the LSP-exciton coupling is not the cause of the UV enhancement. The findings
collectively confirm that that neither of the two reported models can be responsible for
the observed UV enhancement in these samples. Consequently an alternate mechanism
is proposed which is consistent with all of the experimental results. This model suggests
that the interband transitions in Au in the UV spectral range, from the 5d band to the
partly filled 6sp conduction band, can be excited by the exciton emissions in ZnO via a
resonance energy transfer mechanism. The creation of this additional, faster relaxation
channel increases the exciton spontaneous emission rate, enhancing the observed UV
emission of Au nanoparticle-coated ZnO.
In the case of the Al-coating, a-plane ZnO single crystals and ZnO nanorods were coated
with a 2 nm thin Al film, resulting in an up to 12-fold enhancement of the UV PL emis-
sion. The increase was attributed to a strong Al LSP-exciton coupling mechanism. Ad-
ditionally, below 80K, the in-diffusion of the Al into the ZnO was found to contribute
to measured increase in the total UV emission by increasing the Al I6 bound exciton
luminescence. The maximum UV enhancement was found at 80K, where the bound ex-
citons (BX) in ZnO are mostly thermally dissociated and the luminescence spectra are
dominated by the free exciton (FX) emission. The LO-phonon replicas of the FX were
also highly-enhanced by the Al-coating, indicating that the LSPs in the Al nanoparticles
couple more favourably to the FX in the ZnO than to the BX. It was also found that the
LSP-coupling to one of the three A, B and C FXs in ZnO is dependent on the ZnO crystal
orientation and thereby the polarisation of the FX in ZnOwith respect to the incident laser
light. Furthermore, the strength of the LSP-exciton coupling was found to be dependent
on the carrier density of ZnO with samples having higher carrier densities exhibiting a
greater UV enhancement.
In conclusion, ZnO planar and nanorod samples coated with both Au and Al nanopar-
ticles thin films in this work resulted in a large UV enhancement, arising from two dif-
ferent processes. The UV enhancement of the Au nanoparticle-coated ZnO samples was
attributed to interband transitions in the Au nanoparticles, while the origin of the UV
enhancement of the Al-coated ZnO samples was assigned to LSP-exciton coupling to
preferably the FX in ZnO. The results of this thesis provide insight into why different ex-
planations for the observed metal nanoparticle-induced emission enhancement in ZnO
exist in the literature and why comprehensive characterisation of the structural and phys-
ical properties of both the ZnO and the metal nanoparticle ZnO composite is essential to
establish the exact identity of the primary enhancement mechanism.
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